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COOPERATING FOR WETLANDS AND WATERFOWL MANAGEMENT: THE NORTH AMERICAN
WATERFOWL MANAGEMENT PLAN. David E. Sharp, U.S. Office for the North American
Waterfowl Management Plan, Twin Cities, MN 55111.

The North American Waterfowl Management Plan was signed May 14, 1986 by the
Minister of Environment for Canada and the Secretary of Interior for the U.S.
The Plan is a basic policy document with which all people, public and private,
who are interested in wetlands and wetland-dependent wildlife can identify.
It establishes recognition by the United States and Canada that the North
American waterfowl resource is of significant international importance and its
conservation must be pursued through cooperative planning and management.

The Plan has a 15 year horizon, through the year 2000, with review and
updating at 5-year intervals. It does not replace the Flyway Council System
or related federal/provincial cooperative management systems now in place, nor
does it alter processes used in each country to establish cooperative
management programs and regulations governing the harvest of waterfowl,
Existing agency budget processes will provide funding for related development,
management and research requirements.

Objectives: The Plan sets waterfowl population objectives for ducks of 62
million breeders and a fall flight of 100 million birds - a level common to
the decade of the 1970's. In addition, winter objectives for 6 million geese
and 150,000 swans were established. To achieve these objectives, the Plan
identifies the most important wetland and associated habitats in the two
countries and calls for their conservation and management. Specific habitat
objectives for the U.S. are to protect and improve an additional 1.1 million
acres of production habitat in the north central states; 686,000 acres in the
Lower Mississippi Valley and Gulf Coast; 80,000 acres in the Central Valley of
California; 50,000 acres along the Atlantic Coast; and 10,000 acres in the
Lower Great Lakes/St. Lawrence Basin. Objectives for Canada are to protect
and improve 3.6 million acres in the Prairie Province and 70,000 acres in the
eastern provinces.

Cost: The cost of this ambitious habitat protection and enhancement program
is estimated at $1.5 billion, of which $1 billion is' designated for habitat
protection and improvement in Canada. The Plan established a funding ratio of
25% from Canadian sources and 75% from U.S. sources. Considerable support
will be required from the private sector. The Plan is quite specific in that
the two governments are not committed to providing all the funds required.

Administration: Implementation of the Plan is administered by a 12-member
North American Waterfowl Management Plan committee, composed of 6 members from
Canada and 6 from the U.S. Input from the private sector, states, and
provinces is through steering committees established by the respective joint
venture organizations, and by the Plan Committee. Chairmanship of the
committee alternates between the two countries each year. Plan implementation
is guided by Canadian and U.S. Executive Directors and their staffs.
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Joint Ventures: One of the concepts of the Plan is to implement cooperative
actions through joint ventures, in so far as possible. A joint venture brings
together a coalition of federal, state, provincial and private sector forces
in a concerted effort to protect and enhance waterfowl habitats and
populations through specific projects in specific geographic regions by a
variety of methods.

Habitat joint ventures may involve protection and enhancement using current
and new techniques. Some examples include the traditional acquisition by fee
title, perpetual easement, and shorter term easements, and protection by
specific lease arrangements. There have been some innovative new arrangements
whereby habitat protection and development funds are piggy-backed on other
existing programs, i.e., Food Security Act of 1985, to enhance waterfowl
benefits further. New programs that encourage' changes in land-use practices
on private lands to increase wildlife benefits can make substantial
contributions. It is important to bear in mind that this is an effort to
protect and enhance all important wetland habitats in a given project area.by
whatever means are available and acceptable. In addition to acquisition and
development, such protection might include zoning and altered mitigation
practices to reduce habitat loss.

Since the signing of the Plan and the establishment of President Bush's "No
Net-Loss" policy for wetlands, there has been increasing interest in Plan
participation by a number of federal agencies such as the Forest Service,
Bureau of Land Management, Bureau of Reclamation, and the Department of
Defense, including the Army Corps of Engineers. some of the other agencies
under the U.S. Department of Agriculture, such as the Soil Conservation
Service, agricultural Stabilization and Conservation Service and the Farmers
Home Administration are already involved at the local project level. We will
be pursuing discussions with them so as to enable these agencies to apply
their support and capabilities to whatever they can do best. This will
further enhance our partnership approach.

Conclusion: Although the ideas contained within the North American Waterfowl
Management Plan took a long time to develop, its signing has inspired a new
spirit of cooperation and support between federal, provincial, state
governments and the private sector. The passage of the North American Wetland
Conservation Act solidifies congressional support and establishes the
mechanism to transfer funds across borders. The partnership concept of joint
ventures has been well received by the government agencies, private
organizations, and individuals interested in the conservation and management
of wetland environments. Enthusiasm is high in all circles and the momentum
is building as joint ventures are being developed and implemented. It is one
of the most innovative approaches to cooperative management that has ever
occurred in international resource conservation. It will undoubtedly be the
conservation challenge for the reminder of the century.
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SECTION 4. Spatial 'Analyses in Water Resources and their Management: Congress
Suite; Organizers: J. Perry, Dept. of Forest Resources, L. Maki,
State Planning Agency, and S. Maeder, State Planning Agency

1:20 Opening remarks: J. Perry, L. Maki, and S. Maeder

1:30 N. Troelstrup, Dept. of Forest Resources, Univ. of MN, St. Paul.
Patterns of water quality in southeastern Minnesota: an issue of scale.

1:55 G. Fanderi, MN Pollution Control Agency, St. Paul. AGNPS, State non-point
source assessment within ecoregions.

2:20 S. Heiskary, and c.B. Wilson, MN Pollution Control Agency, St. Paul. The
regional nature of lake water quality across Minnesota.

2:45 C. Johnston, Nat. Resources Research Inst. and U.s. Environ. Prot. Ag.,
Duluth, N.E. Detenbeck and G.J. Niemi, Nat. Resources Research Inst.,
Univ. of MN, Duluth. GIS use for multiple watershed analysis of water
quality relationships.

3:10 Refreshement Break

3:30 G.N. Meyer, and K.L. Harris, MN Geological Survey, St. Paul. The Anoka
sand plain regional assessment - a pilot study.

3:55 D. Krystosek, Beltrami Soil and Water Conservation District, Bemidji.
Use of GIS in development and implementation of Beltrami County's
comprehensive local water plan.

4:20 J. Piegat, Hennepin Conservation District, Minnetonka. Groundwater
planning in Hennepin County, Minnesota.

4:45 Discussion and questions
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PATTERNS OF WATER QUALITY IN SOUTHEASTERN MINNESOTA: AN ISSUE OF
SCALE. Nels H. Troelstrup, Jr., Dept. of Forest Resources,
University of Minnesota, st. Paul, MN 55108.

Water quality in Southeastern Minnesota I s "driftless area" has been
a topic of concern for a number of years. Authors from several
agencies have documented the increased water quality risk
associated with intensive agricultural development and poor waste
management practices over karst geology. These practices have
contributed to high nitrate levels, traces of pesticides, bacterial
and viral contamination of well waters as well as high nutrient
levels, pesticide contamination, high turbidity levels and sediment
loads in surface waters of the region. However I the spatial
extent of surface water quality problems has not been adequately
addressed in previous investigations of water quality within the
southeast. While karst conditions do present a greater risk of
water quality problems, they may not represent the entire region.

Research was initiated in 1985 to stUdy the influence of riparian
land-use practices on the water quality of three watersheds within
Fillmore County. Preliminary results of this research supported
data from the literature which suggested that geology and land
use were correlated "\vith stream flow variance, nitrate-nitrogen and
specific conductance. In addition, in-situ benthic gross primary
production and respiration appeared to be influenced by processes
operating at a watershed or subregional level.

A extensive stream survey was initiated across Fillmore and Houston
Counties during 1988 to further evaluate spatial patterns of water
quality in the southeast. This work was conducted to confirm
trends suggested from the intensive work on 3 watersheds in
Fillmore County (above). We sampled 15 watersheds on 10 dates (5
dates in spring 1988, 5 dates in fall 1988). Watersheds and
sampling dates were chosen at random. Variables measured during
this survey included stream discharge, stream temperature, specific
conductance, nitrate-nitrogen, pH, alkalinity, turbidity and
biomonitoring data for the macrophyte and invertebrate communit
at each site.

Data from this survey suggest that several monitoring
are controlled by processes operating at a
Table 1). Although these variables may be found to
scale, processes determining their limits seem to
a watershed or subregional level. Stream
nitrate-N, alkalinity, specific
(Ephemeroptera, Plecoptera, cnon'te~r

community and Hilsenhoff Biotic
significant trends with distance from
trends appeared to be strongly
of aquifers contributing to C!+ ....."'::>m
elevation of spring sources)
land-use within each watershed.
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other commonly utilized monitoring variables seemed to respond to
more local reach and riparian-level processes (see Table 1). These
variables showed no consistent trend with spring elevations or
watershed level land-use practices. stream temperature, pH,
turbidity, macrophyte development on riffles and the relative
abundance of several invertebrate functional groups were found to
be more highly correlated with reach and riparian-level land-use
practices.

Table 1. Water quality characteristics of southeast Minnesota trout
streams (n=number of observations) .

Parameter n Median Percentile Scale
(25%) (75% )

Nitra!:r-N 150 3.4 2.4 5.6 Regional
(mg L )
pH 150 8.02 7.82 8.22 Local
Alkali£ity 150 262 250 284 Regional
(mg L- as CaCO )
specif~r Conductance 149 386 350 440 Regional
(uS cm )
Stream Temperature 149 10.9 8.1 15.0 Local
(oC)
Stream Discharge CV 15 24.3 13.8 43.6 Regional
(%)
Macrophyte Occurrence 60 22.0 4.0 43.8 Local
(%)
Hilsenhoff BI 30 3.32 2.57 4.60 Regional
EPT Percent 30 57.3 40.2 71. 7 Regional

The results of this work suggest that the driftless area is a
heterogeneous region. Aquifers feeding streams and land-use
practices change with distance from the Mississippi River, from
watershed to watershed, and even within a watershed. Monitoring
variables commonly utilized to evaluate water quality are
controlled by processes operating on different scales in space and
time. Thus, obtaining an accurate representation of water quality
in the southeast is probably not possible through studies on one
or a few watersheds using q. "hodge-podge" of variables. Different
patterns of water quality (on different scales) will be observed
through different combinations of monitoring variables and temporal
monitoring designs. This could lead to a comparison of "apples and
oranges" (i. e., the scale (s) of the question may not match the
scale(s) of the variables used to answer the question).
utilization of EPA's regionalization protocols and careful
consideration of the questions to be answered by monitoring
programs will alleviate scale inconsistencies and provide data
capable of addressing monitoring and management problems in
heterogeneous regions such as southeast Minnesota.
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AN ESTIMATE OF NON-POINT SOURCE POTENTIAL. Gary Fandrei and
Sylvia McCollor, Minnesota Pollution Control AGency, St. Paul, MN 55155.

Introduction. A map was generated to identify areas in Minnesota that are
likely to have non-point source pollution problems. The map does not
reflect measurable characteristics, but displays graphically an
interpretation of existing land use, geographic, and water quality data.

Procedure. Ecoregions were defined along Minnesota Department of Natural
Resources 1979 minor watershed boundaries. Land Management Information
Center land use, geographic information, and Minnesota Pollution Control
AGency water quality data were summarized for each ecoregion. Using the
ecoregion data summaries, maximum R-square improvement stepwise regression
models were developed. Based on these models, ecoregion characteristics
were identified that were reasonable predictors of water quality. Because
of the limitations of the data interpretations, these predictors indicated
only positive or negative relationships with water quality parameters.

Seven predictors of water quality were initially identified: forest and
cultiva tion land uses; silt and sand soil types; slopes of 3-6 percent and
greater than 6 percent; and stream orientation. Because of perceived
similarities in lake and stream water quality response to land use and
geographic features and the limitations of the water quality data base in
urban areas, lake orientation and urban land use were added as water
quality predictors.

Forest land use and sand soil types showed negative relationships to water
quality.; The other predictors showed positive relationships.

The water quality predictors for each minor watershed were ranked, based on
the percentage of area of each predictor characterized in the minor
watershed, and whether or not the relationship with water quality was
positive or negative. The non-point source pollution potential of each
minor watershed was then scored by summing the rank values of the water
quality predictors for that minor watershed. The minor watersheds were
mapped by percentile.

Water orientation characteristics tended to show good relationships with
several water quality parameters. When totaling the minor watershed
scores, the rankings for the water orientation characteristics were
doubled. Also, there was evidence that water quality in the Red River
Valley ecoregion was related to wind erosion. Wind erosion as a
was ranked and scored for this ecoregion, but was not included for
statewide non-point source pollution potential estimates.

Acknowledgements. The data interpretations and mapping
completed by Gary Fandrei and Sylvia McCollor of the MlnnieSlclta
Control Agency. Critical reviews were provided by
Pollution Control AGency, Department of Natural Re:so'uf(;es
Agriculture, the Soil Conservation Service, and
Protection Agency Environmental Research h""ddf&",i
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THE REGIONAL NATURE OF LAKE WATER QUALITY ACROSS MINNESOTA.
Steven A. Heiskary and C. Bruce Wilson, Minnesota Pollution Control Agency, 520
Lafayette Rd., St. Paul, MN 55155.

The diversity and number of lakes in Minnesota may be better understood by the
use of regional characterizations of lake and watershed information. Previous
investigators, such as Moyle recognized distinct regional patterns in lake
productivity across Minnesota that were generally considered a function of
geology, vegetation, hydrology, and landuse. Recent efforts have used the
ecoregion approach to define seven regions across Minnesota, four of which
contain 98 percent of our lake resources (Figure 1). Typical landuse patterns
vary regionally as do lake water quality patterns. Understanding these patterns
will assist lake managers developing realistic goals and minimize false
expectations.

The objectives of this presentation are to examine regional patterns in the
trophic state and morphometry of Minnesota's lakes and to discuss the
implications of these findings for lake management applications. Most of the
data referred to in this presentation was collected between 1985-1989.

Available data for approximately 1,400 lakes statewide provides sufficient
information toe examine general patterns of trophic status and morphometry
between the regions. In terms of morphometry the lakes of the Northern Lakes and
Forests (NLF) and North Central hardwood Forests (NCHF) are rather similar, which
typical surface area ranging from 40-280 ha and maximum depths ranging between 6
17 m. In contrast, the two agricultural ecoregions - Western Corn Belt Plains
(WCBP) and Northern Glaciated Plains (NGP) exhibit somewhat larger and shallower
basins, typically 60-300 ha in size and 2-6 m in depth.

Analysis of total phosphorus (TP) and Secchi transparency data from this same
data base reveals patterns in water quality. The following are median TP and
Secchi measurements by ecoregion:

TP (ppb)
Secchi (m)

NLF

24
2.7

NCHF

60
1.4

WCBP

135
0.5

NGP

179
0.6

Based on these data we note three rather distinct classes or regions, i.e. NLF
(forested), NCHF (transition), and the two agriculture dominated regions.

A second database consisting of approximately 90 reference lakes distributed
among the four ecoregions has allowed a refinement of this analysis. Regional
reference sites (lakes) have watersheds characterized by regionally predominant
landscapes that are minimally impacted by nonpoint sources of pollution. There
were no known point sources affecting the reference lakes. The reference lakes
facili ta ted the definition of likely ranges of "natural background levels" of
lake water quality that were used to help define attainable water quality goals
by region.

Data from the reference lakes, in conjunction with several other factors, such
as, lake user perceptions, lake uses, lake morphometry, regional phosphorus
export values, and watershed characteristics have been used to develop regional
phosphorus criteria. These criteria reflect inherent differences between the
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ecoregions and provide a basis for protecting water quality or as a basis for
setting reasonable goals for improving water quality.

The concept that lake and land resources vary regionally has been used for some
time in resource management activities in Minnesota. Regional patterns in lake
water quality, morphometry, and watershed characteristics have been redefined for
Minnesota based on the ecoregion approach. These regional assessments faci-litate
the definition of reasonable goals expressed in terms of average summer nutrient
concentrations, probability of nuisance conditions, and probability of Secchi
transparency ranges for lake resource management.

This research was funded by the Minnesota Pollution Control Agency. The authors
would like to thank Marvin E. Hora and Curtis J. Sparks for their support of this
work. Helpful comments and suggestions were provided over the course of this
research by Phil Larsen and Jim Omernik of the U.S. EPA Environmental Research
Laboratory at Corvallis, Oregon.

Figure 1. Minnesota's ecoregions.
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GIS USE FOR MULTIPLE WATERSHED ANALYSIS OF WATER QUALITY
RELATIONSHIPS. Carol A. Johnston, Naomi E. Detenbeck, and Gerald J. Niemi, U.S.
EPA, Duluth, MN 55804 and Natural Resources Research Institute, University of
Minnesota, Duluth, MN, 55811.

We examined the effect of wetlands and other landscape components on stream water
quality in 15 watersheds of the Minneapolis-St. Paul region using Geographic
Information System (GIS) and multivariate statistical techniques. The GIS was used to
record and measure 33 watershed variables derived from historical aerial photos.
These watershed variables were then reduced to eight principal components which
explained 86% of the variance. Relationships between stream water quality variables
and the three wetland-related principal components were explored through stepwise
multiple regression analysis.

Cumulative wetland area, as percent of watershed, had few effects on stream water
chemistry at the mouth of the watershed: lower annual concentrations of Pb, CI, and
specific conductance, lower spring and summer N03, and higher summer and fall P04•

Watersheds with abundant Typha marshes had higher in-stream levels of TOC and
COD. Watersheds with wetlands close to the watershed mouth had better stream water
quality than did watersheds with wetlands farther upstream: lower annual concentrations
of inorganic suspended solids, fecal coliforms, N03 , specific conductance, flow-weighted
NH4 and flow-weighted total P. These results demonstrate the importance of wetland
position in the drainage basin to ecological function at the landscape scale, which
would have been difficult to detect without a GIS. Differences in the relationships
derived for time-weighted as compared to flow-weighted averages suggest that
wetlands were more effective in removing suspended solids, total phosphorus, and
ammonia during high flow periods, but were more effective in removing nitrates during
low flow periods.
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THE ANOKA SAND PLAIN REGIONAL ASSESSMENT - A PILOT STUDY.
Gary N. Meyer and Kenneth L. Harris, Minnesota Geological Survey, 2642
University Avenue, St. Paul, MN 55114-1057

Due to the urgency of ground-water planning in Minnesota, many agencies
and local and regional groups are working to improve our knowledge of
Minnesota's hydrogeology. The Minnesota Geological Survey is
cooperating with other entities and the consulting community to
facilitate transfer of sound technical information in a usable form to
decision makers and resource managers. An important effort toward this
goal is the Survey's county atlas program. With cost sharing from
interested counties, the MGS prepares a series of detailed maps
depicting the county's geology and hydrogeology at a scale of 1:100,000.
The regional assessment program, planned to incorporate 3 to 5 counties,
is intended to give a "head-start" to the bounty atlases by mapping
large areas of the state more quickly, albeit at the smaller scale of
1:200,000. The first regional assessment of four counties in the Anoka
sand plain has been funded by the Groundwater Bill of 1989, in a
legislative appropriation administered through DNR-Waters.

Anoka, Chisago, Isanti, and Sherburne Counties together encompass the
bulk of the Anoka sand plain, an area considered vulnerable to
groundwater contamination because of the high permeability of its
surficial sediments and the rapid pace of urban expansion of the Twin
Cities and St. Cloud metropolitan areas. Emphasis will be on the
Quaternary sediment and near-surface ground water. In addition to maps
of the surficial geology and the water table, a map depicting ground
water susceptibility to surface contamination will be constructed. All
maps will be compiled using the MGS's new Geographic Information System.

About 5500 water wells within the four-county area already have been
verified as to location and their logs entered into the MGS computer
file. An additional 5000 logs are being added to the file during the
regional assessment. Most of the new wells are located in parts of the
counties where well control is poor. Soil boring logs from state,
county, and municipal sources will also be cataloged. An integral part
of the regional assessment involves working with the county staffs to
develop proper methods for collecting ground-water data and using the
data to evaluate local geologic and ground-water conditions. Once data
bases are established at the county level, county staff will be able to
add new data and adjust local water- and land-use plans accordingly.

The focus of future regional assessments may vary, depending on the
geologic setting and perceived hydrogeologic problems of a particular
region. In some areas of the state, additional information derived from
drilling and geophysical surveys will be required.



-94-

USE OF GIS IN DEVELOPMENT AND IMPLEMENTATION OF BELTRAMI
COUNTY'S COMPREHENSIVE LOCAL WATER PLAN. Dale E. Krystosek,
Beltrami Soil and Water Conservation District, 403 Fed.
Bldg. Bemidji, MN. 56601

.I..nt.r..Q..d1tc..t ..i.l;;uJ.. Geographic Information Systems (GIS) have
proven to be a useful tool in preparing and implementing
Beltrami County's Comprehensive Local Water Plan. Water
Planning in Beltrami County began in November 1987, and was
a cooperative effort of the Beltrami Soil and Water
Conservation District (SWCD), The Headwaters Regional
Development Commission (HRDC), And Bemidji State University
(BSU). Representatives from these agencies formed the
project staff for the effort. Early in the process, project
staff decided that several key sets of data related to water
use management should be collected to enhance the value of
the water plan. Staff decided that loading the information
into the GIS could allow for efficient storage, display,
analysis, and manipulation of the data during water plan
preparation, and provide a data base to facilitate waterplan
implementation •

.L.and.......u.s..e........upd.a.t.e. Existing land use information was
available from the Land Management Information Center (LMIC)
in the MLMIS 40 format. This information had been collected
in 1969 at 40 acre resolution, but was considered to be
outdated due to rapid land use changes in the Bemidji area
in the preceding 20 years. The decision was made to update
land use for Beltrami and Clearwater County by refining the
1969 40 acre data into 2.5 acre resolution in 1988. The
EPPL7 GIS software package, developed by the Minnesota State
Planning Agency, was used for the update. Reasons for
selecting EPPL7 included low cost, compatibility with
existing land use data, and readily available local
expertise at the BSU Geography Department. Roles of the
cooperating agencies in the land use update included the
SWCD completing photo interpretation and coding 15 different
land use classes onto township base maps produced by LMIC.
The HRDC coded the location of rural residencies in the 11
townships surrounding Bemidji, and BSU Geography students
edited the land use changes on the EPPL7 program. Beltrami
SWCD staff utilized black and white aerial photos, color
aerial slides, USGS topographic maps, and the local staff's
knowledge of the county as tools in the update.
Approximately 2,500 hours of staff time were put into the
land use update of Beltrami County, 1.6 million acres in
size. Problems encountered in the update included an
excessive time commitment, and the grid cell, or raster,
based system posed problems in accurately representing small
or meandered features such as wetlands, streams, and field
boundaries. Point data such as abandoned wells or
underground storage tanks were also difficult to represent.
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,C"Q.l"l,e"Q"t"i"Q,n""",Q":L,,,Q,,t,h.e,,r.,,,,,,,d,a,t,,a,,,,,,,l,ax.,e"r.,s, • Add i t i 0 na1 d a tare 1ated to
water resource management including locations of dumpsites,
feedlots, underground storage tanks, and wild rice beds were
entered into the GIS. Analytical capabilities of the GIS
were used in a limited way to analyze the spatial
distribution of certain land use classes in relation to
location of lakes and streams. Soil survey information for
part of Beltrami County had been computerized on the Soil
Survey Information System (SSIS) program developed by the
University of Minnesota Department of Soil Science. This
GIS was very useful for mapping soils within the county
where highly erodible soils posed a potential threat for
sedimentation loading into surface waters, and as a tool in
groundwater sensitivity mapping. The SSIS files were also
loaded into the EPPL7 program allowing for overlaying of
data layers. Soil series were separated into classes based
on permeability and then overlaid with land use and
potential non-point pollution sources to produce simple
groundwater hazard potential maps. These maps and other GIS
outputs were used as educational tools in water planning
task force meetings.

,u.,s,~..,,,,,,Q,,f,,,,_,G,I..S,,,,,,..iJL,:w.a,t,,e,,r.,,,,,,.p..l,,an,.,,,,imp.,1,~,m~"n,t,a.t..i"Q,n • GIS are a 1 so
proving to be very useful tools in implementing the
strategies of the Beltrami County Comprehensive Local Water
Plan. The systems are being used to map watershed and sub
unit boundaries, stream and lake locations, and potential
non-point pollution problem areas for the Lake Bemidji
Watershed Study, a Clean Water Partnership Project.
Groundwater data from the Bemidji-Bagley Groundwater Study,
abandoned well inventory data, lake watershed information,
and other data layers are also being entered into a GIS with
the assistance of the University of Minnesota Remote Sensing
Laboratory. A comprehensive, working GIS is expected to be
an effective tool in managing multiple data sets for the
various strategies of the local water plan.

,s':umm,a.r..x.. The use of Geographic Information Systems proved
to be a very useful tool in developing and implementing
Beltrami County's Local Water Plan. The GIS programs being
used provided an effective and efficient means of storing,
mapping, displaying, manipulating, and overlaying water
resource data. Data collection activities have proven to be
labor intensive and costly, but the benefits afforded by a
working GIS have far out-weighed the costs.
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GROUND WATER PLANNING IN HENNEP IN COUNTY, MINNESOTA. Jame.s
Piegat, Hennepin Conservation District, 12450 Wayzata Boulevard,
Suite 205, Minnetonka, MN 55343.

The Hennepin Conservation District (HCD) is currently preparing a
county ground water plan for Hennepin County. Initial planning
and subsequent management will rely heavily on computers and a
geographical information system (GIS) because of the large amount
of data involved. The county currently has a population of one
million persons who live on 350,000 parcels of land. There are
water well logs for nearly 20,000 of an estimated 140,000 to
170,000 wells in the county. The Minnesota Pollution Control
Agency listing of underground storage tanks in the county is 352
pages long.

Compatibility with systems used by principal clients must be
considered when selecting a GIS. Agencies are less likely to use
outside products that require considerable translation to their
systems. UltiMap was selected by HCD because it is used by
Hennepin County and several of the larger cities within the
county.

A map is useless if it does not include a spatial guide to
familiar or easily identified landmarks. HCD is using the parcel
map created and maintained by the Hennepin County Surveyor as its
GIS base map. This map includes Public Land Survey lines,water
lines, parcel lines, and roadways. Issues that must be considered
when using a base map created by others include map projection,
dens·ity of information, and the nature of particular lines and
points. For example, a line that partially delineates a parcel
abutting a water body is not the same as the line for the ordinary
high water mark of that water body.

The need for human interpretation as a rna j or part of computer
modeling, including GIS, cannot be overemphasized. Structure and
isopach maps of the county's principal aquifers are needed for
ground-water models. GI$ can manage the data in WELLOG and on
geologic and topographic maps of the bedrock, but preparation of
the maps will require considerable geologic interpretation that no
computer can perform.

HCD will use data bases created and maintained by state agencies.
As an example, the MGS Water Well Log Data Base (WELLOG) can be
added to the GIS without digitizing the location of each of the
10,000 to 20,000 wells in the data base. This task includes
converting the Universal Transverse Mercator (UTM) coordinates of
each well to State Plane grid coordinates.
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Ground-water sensitivity is based on the nature of the geologic
materials through which water and contaminants flow. The vertical
and lateral variation of glacial material is impossible to portray
on standard, two-dimensional maps. Cross-sections are of little
value because the information they show cannot be extrapolated for
any distance away from the line of section. One solution to this
problem is a "stack" map. The map units of a stack map indicate
all of the geologic layers, or the "stack", found within a
particular area. GIS can speed the interpretation required for
preparing a stack map.

Ground water moves through a relatively small part of an aquifer
to a well when the well is pumped. The premise of a wellhead
protection program is that a well will not become contaminated if
contaminants are not released above that part of the aquifer that
feeds the well.

Wellhead protection areas (WHPA) can be delineated by a variety of
methods. Analytical WHPA I s will be determined for each public
water supply well in the county. GIS will greatly speed the
process by sorting the data that an analytical method requires to
draw WHPA' s. GIS can then identify land uses that generate,
store, use, or dispose potential contaminants within each WHPA.

Managing ground water requires information concerning the
distribution and magnitude of existing and future water uses. GIS
can manage water-use data according to capacity, pumpage reports,
aquifer, use, and time period. Ground-water use and water-level
data- from observation wells can provide understanding of the
effects of climate on ground water supplies.




